although CBF1, CBF2 and CBF3 genes are physically linked in the genome and have similar biological functions, they are preferentially regulated by different upstream transcriptional activators.
The notion that CBF proteins contribute to cold acclimation is supported by the finding that constitutive overexpression of CBF1, CBF2 or CBF3 in transgenic plants induces the expression of many COR genes, termed the CBF regulon, and subsequently increases freezing tolerance even without prior cold exposure [3] . By contrast, knock-down of both CBF1 and CBF3 using antisense constructs downregulates the cold-induction of CBF regulon genes and decreases freezing tolerance [10] . How the proteins encoded by the CBF regulon impart freezing tolerance is not fully understood, but the cryoprotection properties of some COR proteins and metabolic alteration are thought to be important for freezing tolerance [2] ( Figure 1) .
Regulation of COR genes
Extensive studies have shown that cold acclimation largely relies on the regulation of COR gene expression. Analysis of gene expression datasets found more than 2000 COR genes. Approximately 1200 of these are robustly regulated by low temperature, about 170 of which belong to the CBF regulon [11] . Although genes regulated by CBF proteins are important for freezing tolerance, they only account for a small percentage of the COR genes, thus it needs to be investigated how the remaining COR genes are regulated.
The first discovery concerning regulation of COR genes by non-CBF proteins was provided by Vogel et al. in 2005 [12] , who found that the ZAT12 transcription factor regulates 24 COR genes. Recently, Park et al. [11] showed that there are 174 cold-induced genes encoding putative transcription factors, at least 17 of them are early cold-induced transcription factor genes with expression patterns similar to the CBFs. These genes include ZF, CZF1, RAV1, CZF2, MYB73, ZAT12, DOF1.10, ZAT10, HSFC1, DEAR1, MYB44, ERF5, CRF2, WRKY33, ERF6, CRF3 and RVE2. Through constitutive overexpression of 11 of these first-wave transcription factors in transgenic plants, the authors identified five (HSFC1, ZAT12, ZF, ZAT10 and CZF1) that confer the expression of 121, 67, 61, 54 and 51 COR genes, respectively, in the absence of cold treatment (Figure 1 ). This result clearly indicates that transcription factors other than CBF1, CBF2 and CBF3 are involved in the regulation of COR genes. Considering that only a small portion of cold-inducible transcription factors are tested, additional transcription factors are probably involved in the regulation of COR gene expression.
Coregulation of the CBF regulon by other first-wave transcription factors
Since there are potentially many other regulons involved in COR gene expression in addition to the CBF regulon, an important question is whether and how much the different regulons may overlap. Vogel et al. [12] reported that seven of the ZAT12 regulon genes are also members of the CBF2 regulon. Recently, Park et al. [11] found that 35 CBF2 regulon genes are also regulated by one or more of the other five early cold-induced transcription factors ( Figure 1) . Similarly, these other five first-wave transcription factors share some common downstream genes. These findings demonstrate that the low temperature regulatory network is highly interconnected, involving extensive crosstalk and coregulation (coregulation here refers to regulation of a gene by two or more transcription factors in an independent fashion). Interestingly, overexpression of CBF2, HSFC1 and CZF1 induces the gene expression of ZF, ZAT12 and ZAT10, respectively, suggesting that some of these first-wave transcription factors can regulate each other [11] . None of the CBF genes is regulated by the other five first-wave transcription factors, indicating that the effects of the other five first-wave transcription factors on the CBF regulon are due to coregulation. In addition, in transgenic plants expressing a truncated, dominant negative form of CBF2, in which CBF-mediated gene expression is blocked, the cold-induced expression of CBF regulon genes is only partially affected [11] . This result supports that other cold-inducible transcription factors are involved in the coregulation of the CBF regulon genes.
Concluding remarks and future perspectives
The recent study by Park et al. [11] clearly shows that although the first discovered CBF regulon is very important for cold acclimation, COR gene regulation involves many other cold-responsive transcription factor regulons, and there is extensive crosstalk and coregulation of the different regulons. This study provides important new information indicating that cold regulated gene expression cascades are highly interconnected and are much more complex than previously thought. The interconnectedness suggests that cold responsive gene regulation in plants is very robust, but also implies that many more early coldregulated transcription factors would need to be manipulated to achieve maximal improvements in freezing tolerance. Important questions remain to be answered.
Firstly, only about one-third of the COR genes were identified as part of the regulons of CBFs and the other five first-wave transcription factors, thus how the remaining two-thirds of the COR genes are regulated is still unknown. One possibility is that these remaining COR genes are regulated by additional cold-responsive transcription factors. Alternatively, cold-triggered post-translational modifications may be required for the cold-responsive transcription factors to regulate the expression of the remaining COR genes. In this case, COR genes cannot be regulated by mere constitutive overexpression of the first-wave transcription factors at warm temperature, thereby many COR genes belonging to the regulons of the first-wave transcription factors would be missed in the study. Another possibility is that the expression of some of the COR genes may require the simultaneous presence of more than one early cold responsive transcription factors. Secondly, CBF gene expression is mainly regulated by ICE1, ICE2 and CAMTA1-3, and cold-induced expression of ZAT12 is reduced in camta3 mutant [7] , therefore it needs to be addressed whether the other first-wave transcription factors are also regulated by these three upstream transcription factors or by other transcriptional activators.
Thirdly, constitutive overexpression of CBFs, ZAT12 or HSFC1 in transgenic plants is able to increase freezing tolerance, suggesting that the genes that are coregulated by these first-wave transcription factors may play more important roles than other COR genes in cold acclimation. These coregulated genes should be studied in more detail to deepen our understanding of the mechanism of cold acclimation.
Plant evo-devo research aims to identify the nature of genetic change underpinning the evolution of diverse plant forms. A transcriptomic study comparing gene expression profiles in the meristematic shoot tips of three distantly related vascular plants suggests that different genes were recruited to regulate similar meristematic processes during evolution.
The conquest of land by plants was one of the most significant events in our planet's history, and the radiation of diverse plant forms was underpinned by a series of ancient innovations in sporophytic shoot architecture. Whilst living bryophyte representatives of the earliest land plants have a single sporophytic axis that terminates growth by forming a reproductive sporangium ( Figure 1A) , todays dominant vascular plant flora has shoots, branches and leaves under every variety of form and function ( Figure 1A, B) .
The elaboration of these basic organ systems in vascular plants began around 400-450 million years ago [1] , and the morphological distance between living bryophytes and vascular plants is wide. However, ancient fossils deriving from the colonisation of land show intermediary forms that cast light on the sequence of architectural change during evolution.
For instance, the non-vascular fossil Partitatheca has a branching sporophytic axis that terminates in the formation of sporangia, and the earliest cooksonioid vascular plant fossils reiterate this basic construction [1, 2] (Figure 1 ). Later vascular plant fossils from the Rhynie chert assemblage have a variety of shoot architectures including indeterminate forms with lateral sporangia and leaves [1] . 
